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*Tofieldia* *calyculata* (L.) Wahlenb. is a small perennial herb from the family Tofieldiaceae that is distributed mainly in mountain biotopes of the Alps and Western Carpathians. It also occurs in the lowlands of Central Europe, where it is restricted to calcareous fens and, less frequently, to wet slopes in calcareous pine woods. The species has disappeared from most of its historical localities in the lowlands as a result of drought, changes in vegetation structure, and ongoing succession. It is currently critically endangered in the Czech Republic (Grulich and Chobot, [2017](#aps311327-bib-0002){ref-type="ref"}), where, of more than 50 historical localities, only five localities remain (Kaplan et al., [2015](#aps311327-bib-0004){ref-type="ref"}). The species is also endangered or even extinct in other countries in Europe in which the species had previously been known to occur in lowland habitats. It is vulnerable in Poland and Ukraine, endangered in Lithuania, critically endangered in Croatia, and extinct in Latvia and Hungary (Gabrielová et al., [2011](#aps311327-bib-0001){ref-type="ref"}). Knowledge of genetic variability of the remaining lowland populations and their relationship to the alpine populations is necessary for better protection of the species.

METHODS AND RESULTS {#aps311327-sec-0005}
===================

Microsatellite marker development {#aps311327-sec-0006}
---------------------------------

A modified cetyltrimethylammonium bromide (CTAB) method (Lodhi et al., [1994](#aps311327-bib-0005){ref-type="ref"}) with the volume of solutions downscaled 10‐fold was used to isolate the genomic DNA of 14 individuals of *T. calyculata* (two individuals in each of five populations collected across the whole distribution range, including both lowland and alpine populations; Appendix [1](#aps311327-app-0001){ref-type="app"}). The sequencing facility GenoScreen (Lille, France) prepared libraries based on previously published methodology (Malausa et al., [2011](#aps311327-bib-0006){ref-type="ref"}). The fragmented DNA was hybridized to eight probes (TG, TC, AAC, AAG, AGG, ACG, ACAT, and ACTC) to enrich the DNA library. The sequencing was performed on a MiSeq Nano 2 × 250 machine (Illumina), and sequencing yielded 4,998,842 reads. Of these reads, 735,657 contained microsatellites and 1235 candidate loci were identified (see Appendix [S1](#aps311327-sup-0001){ref-type="supplementary-material"}). Of these loci, 83.24% contained dinucleotide repeats, 14.09% contained trinucleotide repeats, and 2.67% contained tetranucleotide repeats. All sequences are archived in the GenBank Sequence Read Archive (BioSample accessions SAMN11608780 and SAMN11608781). Primer3 implemented in the program QDD (Malausa et al., [2011](#aps311327-bib-0006){ref-type="ref"}) was used to design multiple primer pairs for every locus (for a total of 9431 primer pairs). Of these, one primer pair was selected for every locus (for a total of 1235 primer pairs). Of these selected primers, we used 50 primer pairs to identify polymorphism. Primers were synthesized (Sigma‐Aldrich, St. Louis, Missouri, USA) with M13 tails preceding the 5′ end of the forward primer sequences following Schuelke ([2000](#aps311327-bib-0008){ref-type="ref"}). Twelve individuals of *T. calyculata* were used to test amplification efficiency and polymorphism. DNA amplification was performed in 5‐μL volumes containing 2.5 μL of QIAGEN Multiplex PCR Master Mix (QIAGEN, Hilden, Germany), 0.5 μL of M13‐tagged forward primer, 0.25 μL of species‐specific reverse primer, 0.25 μL of fluorescently labeled (5′‐FAM) M13 primer (10 μM each in initial volume for each primer), 20 ng of DNA dissolved in 0.5 μL of TE buffer, and 1 μL of H~2~O. The following thermocycler conditions were used following Schuelke ([2000](#aps311327-bib-0008){ref-type="ref"}): an initial denaturation step at 95°C for 15 min; followed by 25 cycles of denaturation (95°C for 60 s), annealing (60°C for 60 s), and extension (72°C for 60 s); followed by 10 cycles of denaturation (95°C for 30 s), annealing (53°C for 45 s), and extension (72°C for 45 s); and a final extension at 72°C for 15 min. During the first 25 cycles, specific PCR products are produced, and in the following 10 cycles the fluorescent M13 tag is ligated to the M13 forward primer (Schuelke, [2000](#aps311327-bib-0008){ref-type="ref"}). All of the 50 primer pairs (100%) were successfully amplified, but only 44% of those loci (20) were polymorphic. We used the polymorphic primer pairs to detect variability in 20 individuals of *T. calyculata* from five populations (Appendix [1](#aps311327-app-0001){ref-type="app"}); these 20 individuals were tested in two multiplex reactions (described below). Based on this variability screening, 19 polymorphic primer pairs were chosen for further testing (Table [1](#aps311327-tbl-0001){ref-type="table"}); details for the remaining 31 primer pairs are provided in Appendix [2](#aps311327-app-0002){ref-type="app"}.

###### 

Characteristics of 19 polymorphic loci designed for *Tofieldia calyculata*.

  Locus[a](#aps311327-note-0001){ref-type="fn"}   Primer sequences (5′--3′)          Repeat motif   Volume of forward primer (μL)   Allele size range (bp)   Multiplex   GenBank accession no.
  ----------------------------------------------- ---------------------------------- -------------- ------------------------------- ------------------------ ----------- -----------------------
  Tof4                                            `F: GAGGGAGCAGCATACGACTC`          (AGC)~5~       0.05                            123--126                 I           MN124996
  `R: GGATCAAAGCACAGGCAACG`                                                                                                                                              
  Tof7                                            `F: ATGCTAGTCTCGCCGTGAAG`          (AGC)~8~       0.05                            124--136                 I           MN124997
  `R: GTCTCTAATGGCCGCTCGAT`                                                                                                                                              
  Tof11                                           `F: CAACGAACTCCATGCAGCAG`          (AAG)~14~      0.07                            131--212                 I           MN124998
  `R: GGTATGGCTAGGGCTACCGA`                                                                                                                                              
  Tof13                                           `F: TAGGCAACGGACTCCACATG`          (ACG)~5~       0.07                            144--156                 I           MN124999
  `R: CCACAAACACTCTACCGCCT`                                                                                                                                              
  Tof19                                           `F: GTCTGAATTTAACCTCGCGGG`         (AAG)~7~       0.07                            189--198                 I           MN125000
  `R: GGGAACTCGGTCTTCCATTGT`                                                                                                                                             
  Tof22                                           `F: GCTTGCTGGCCAAATGAACT`          (AGC)~8~       0.07                            184--193                 I           MN125001
  `R: ATCACCACCATGCGGTTCTT`                                                                                                                                              
  Tof33                                           `F: TTCAAGGAAGAATGAAAGTGCGG`       (ACAT)~5~      0.07                            233--245                 I           MN125002
  `R: CAATTGCAGGGCAGGGCTA`                                                                                                                                               
  Tof35                                           `F: TCCTAGTCATAATAGCTTAGTTGTTGA`   (AATG)~11~     0.3                             222--268                 I           MN125003
  `R: CCTCTACTTCGCTGTTGGGT`                                                                                                                                              
  Tof46                                           `F: GTCGCTCCTCCCTCCTGATA`          (ACT)~6~       0.07                            298--301                 I           MN125004
  `R: CGTGGTGTAACATGGGTGGA`                                                                                                                                              
  Tof50                                           `F: TATGAATTCAGTTCCCGTCCC`         (ATC)~10~      0.15                            292--352                 I           MN125005
  `R: TTACTTCAAGATAGGCTGGCC`                                                                                                                                             
  Tof5                                            `F: CAGACATAGCCGGACCCATT`          (AAG)~10~      0.0375                          121--169                 II          MN125006
  `R: GCAACCTCCACTGGACATCA`                                                                                                                                              
  Tof9                                            `F: CCCTCTTGGATCTCGGCATT`          (AGC)~8~       0.1                             135--141                 II          MN125007
  `R: ACCTGCAGCTCATGTAGTGG`                                                                                                                                              
  Tof15                                           `F: GCATGATATGTTTGTGCATTCCCT`      (ACTG)~5~      0.1                             164--172                 II          MN125008
  `R: ACAGTTGGCACCAAGTACGA`                                                                                                                                              
  Tof21                                           `F: GGCCAACCCTACTCACAAGG`          (ACT)~7~       0.1                             186--195                 II          MN125009
  `R: CTCGGACGGTTCCAATCAGA`                                                                                                                                              
  Tof27                                           `F: TCAGTTACCGACAACTTGTATGA`       (ACAT)~6~      0.1                             198--218                 II          MN125010
  `R: TTGAAACCTTGTGCGGTTCA`                                                                                                                                              
  Tof31                                           `F: TGAAAGCCAAAGGATGAGCT`          (AAG)~7~       0.1                             224--233                 II          MN125011
  `R: CCCTCACCCAAGGACTAGCA`                                                                                                                                              
  Tof34                                           `F: CGGACTCGGAACAAGAAATATAAA`      (AGAT)~7~      0.1                             197--278                 II          MN125012
  `R: AGGTAACAAGATTCTGAACCCA`                                                                                                                                            
  Tof42                                           `F: GCCTGATATCCTCCGTTCGG`          (AAG)~11~      0.1                             283--304                 II          MN125013
  `R: CGGTGCCAGCGATATGAGTA`                                                                                                                                              
  Tof45                                           `F: ACATCAGACCAGCAAGCTGA`          (AGC)~5~       0.1                             290--305                 II          MN125014
  `R: GATAGATAGTAAGCTCAAAGTTGATCA`                                                                                                                                       

Optimal annealing temperature was 60°C for all loci in both multiplexes.
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Genotyping {#aps311327-sec-0007}
----------

We isolated DNA from 101 individuals of *T. calyculata* from five populations (three alpine and two lowland) and from six individuals of the congeneric species *T. pusilla* (Michx.) Pers. from two alpine populations (Appendix [1](#aps311327-app-0001){ref-type="app"}).

DNA amplification was performed in two multiplex reactions containing 2.5 μL of QIAGEN Multiplex PCR Master Mix and 20 ng of DNA dissolved in 0.5 μL of distilled water. For multiplex mix I, the PCR contained 1.94 μL of primer mix (10 μM each in initial volume) and 0.06 μL of H~2~O; for multiplex mix II, the PCR contained 1.875 μL of primer mix (10 μM each in initial volume) and 0.125 μL of H~2~O. Final volumes of primers are given in Table [1](#aps311327-tbl-0001){ref-type="table"}. The following thermocycler conditions were used: an initial denaturation step at 95°C for 10 min; followed by 35 cycles of denaturation (95°C for 30 s), annealing (60°C for 40 s), and extension (72°C for 30 s); and a final extension at 72°C for 8 min.

PCR products were diluted with ddH~2~O 10× (PCR product of multiplex mix I) and 20× (PCR product of multiplex mix II). Each PCR product (1 μL) was mixed with 12 μL of formamide mixed with 0.1 μL of GeneScan 500 LIZ Size Standard (Thermo Fisher Scientific, Waltham, Massachusetts, USA). Fragment lengths were determined by capillary gel electrophoresis with an ABI 3130 Genetic Analyzer using GeneMapper 4.0 (Thermo Fisher Scientific).

We used SPAGeDi (Hardy and Vekemans, [2002](#aps311327-bib-0003){ref-type="ref"}) to calculate levels of observed and expected heterozygozity and number of alleles in each population. GENEPOP version 4.2 (Rousset, [2008](#aps311327-bib-0007){ref-type="ref"}) was used to test Hardy--Weinberg equilibrium and linkage disequilibrium. The number of alleles per locus ranged from one to 11, and the mean levels of observed and expected heterozygosity ranged from 0.10 to 0.39 and 0.12 to 0.49, respectively (Table [2](#aps311327-tbl-0002){ref-type="table"}). The highest number of alleles and heterozygosity values were detected in two populations from the Alps, which is the center of distribution of the species. All markers were polymorphic in at least one of the studied populations, with 68% of markers polymorphic in four of five populations. Significant deviations from Hardy--Weinberg equilibrium were found in only five loci in the Monkova dolina population (Table [2](#aps311327-tbl-0002){ref-type="table"}), and significant linkage disequilibrium was found only in the Sosnowiec‐Bory population (loci Tof22/Tof35, significant after Bonferroni correction).

###### 

Results of initial primer screening of 19 microsatellite loci developed for *Tofieldia calyculata*.[a](#aps311327-note-0003){ref-type="fn"}

  Locus                                                Gosausee (*n* = 20)   Weißenbach (*n* = 20)   Monkova dolina (*n* = 20)   Sosnowiec‐Bory (*n* = 20)   Jestřebské slatě (*n* = 21)                                                                                                     
  ---------------------------------------------------- --------------------- ----------------------- --------------------------- --------------------------- ----------------------------- ------ ---- ------ ----------------------------------------------- ---- ------ ------ ---- ------ ------
  Tof4                                                 2                     0.05                    0.05                        1                           0.00                          0.00   2    0.10   0.26                                            1    0.00   0.00   1    0.00   0.00
  Tof7                                                 3                     0.55                    0.59                        3                           0.10                          0.15   2    0.20   0.51                                            2    0.15   0.45   1    0.00   0.00
  Tof11                                                8                     0.60                    0.68                        11                          0.60                          0.74   6    0.25   0.66[\*](#aps311327-note-0005){ref-type="fn"}   3    0.20   0.35   1    0.00   0.00
  Tof13                                                3                     0.30                    0.54                        3                           0.45                          0.65   2    0.10   0.26                                            2    0.15   0.30   1    0.00   0.00
  Tof19                                                1                     0.00                    0.00                        1                           0.00                          0.00   2    0.00   0.53                                            1    0.00   0.00   1    0.00   0.00
  Tof22                                                2                     0.20                    0.47                        3                           0.30                          0.40   1    0.00   0.00                                            3    0.35   0.63   2    0.43   0.51
  Tof33                                                2                     0.15                    0.14                        3                           0.30                          0.53   3    0.00   0.30[\*](#aps311327-note-0005){ref-type="fn"}   1    0.00   0.00   2    0.29   0.42
  Tof35                                                5                     0.45                    0.59                        9                           0.70                          0.73   3    0.25   0.52                                            3    0.40   0.64   2    0.48   0.51
  Tof46                                                2                     0.35                    0.36                        2                           0.40                          0.47   2    0.10   0.26                                            1    0.00   0.00   1    0.00   0.00
  Tof50                                                4                     0.60                    0.58                        11                          0.75                          0.80   7    0.35   0.84[\*](#aps311327-note-0005){ref-type="fn"}   2    0.20   0.49   1    0.00   0.00
  Tof5                                                 4                     0.50                    0.69                        5                           0.35                          0.43   2    0.05   0.05                                            2    0.05   0.14   1    0.00   0.00
  Tof9                                                 3                     0.35                    0.49                        3                           0.25                          0.42   2    0.05   0.22                                            2    0.05   0.05   1    0.00   0.00
  Tof15                                                3                     0.40                    0.61                        3                           0.55                          0.62   1    0.00   0.00                                            2    0.35   0.51   1    0.00   0.00
  Tof21                                                2                     0.20                    0.19                        4                           0.55                          0.68   3    0.25   0.68[\*](#aps311327-note-0005){ref-type="fn"}   2    0.25   0.51   1    0.00   0.00
  Tof27                                                2                     0.05                    0.05                        3                           0.60                          0.51   3    0.15   0.30                                            1    0.00   0.00   2    0.38   0.37
  Tof31                                                3                     0.45                    0.42                        3                           0.30                          0.41   2    0.30   0.49                                            3    0.30   0.61   1    0.00   0.00
  Tof34                                                2                     0.25                    0.30                        2                           0.30                          0.51   3    0.20   0.56[\*](#aps311327-note-0005){ref-type="fn"}   2    0.40   0.51   2    0.33   0.49
  Tof42                                                4                     0.30                    0.47                        5                           0.65                          0.78   3    0.50   0.60                                            2    0.30   0.39   1    0.00   0.00
  Tof45                                                3                     0.50                    0.56                        4                           0.35                          0.53   2    0.05   0.05                                            1    0.00   0.00   1    0.00   0.00
  Multilocus[b](#aps311327-note-0004){ref-type="fn"}   58                    0.33                    0.41                        79                          0.395                         0.49   50   0.15   0.38                                            36   0.17   0.29   24   0.10   0.12

*A* = number of observed alleles; *H* ~e~ *=* expected heterozygosity; *H* ~o~ = observed heterozygosity; *n =* number of individuals sampled per population.

Voucher and locality information are provided in Appendix [1](#aps311327-app-0001){ref-type="app"}.

Total number of alleles in each population and the multilocus mean of levels of observed and expected heterozygosity.

Significant deviation from Hardy--Weinberg equilibrium after Bonferroni correction.
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We also tested cross‐amplification of these loci in the closely related species *T. pusilla* using six individuals from two populations (Appendix [1](#aps311327-app-0001){ref-type="app"}). Six of 19 loci successfully amplified (Table [3](#aps311327-tbl-0003){ref-type="table"}). Using these microsatellites in other species in the genus *Tofieldia* may therefore be possible. More loci for testing are available in the GenBank Sequence Read Archive (BioSample accessions SAMN11608780 and SAMN11608781).

###### 

Allele size ranges obtained during cross‐amplification trials of microsatellite loci isolated from *Tofieldia calyculata* and tested in two populations of *T. pusilla* (*n* = 6).

  Locus   Allele size (bp)
  ------- ------------------
  Tof4    ---
  Tof7    121
  Tof11   ---
  Tof13   153
  Tof19   ---
  Tof22   ---
  Tof33   ---
  Tof35   ---
  Tof46   ---
  Tof50   ---
  Tof5    ---
  Tof9    120
  Tof15   ---
  Tof21   ---
  Tof27   ---
  Tof31   ---
  Tof34   246
  Tof42   274
  Tof45   290

--- = indicates unsuccessful amplification.
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CONCLUSIONS {#aps311327-sec-0008}
===========

We developed, successfully amplified, and multiplexed 19 polymorphic markers in *T. calyculata*. These polymorphic loci will be used in a future study to reveal the genetic diversity of remaining lowland populations and to compare them with alpine populations.

Supporting information
======================

###### 

**APPENDIX S1.** List of all identified microsatellite loci for *Tofieldia calyculata*.

###### 

Click here for additional data file.
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DATA AVAILABILITY {#aps311327-sec-8010}
=================

All sequences are archived in the GenBank Sequence Read Archive (BioSample accessions SAMN11608780 and SAMN11608781). Primer sequences have been deposited to NCBI\'s GenBank database; accession numbers are listed in Table [1](#aps311327-tbl-0001){ref-type="table"}.

 {#aps311327-sec-0011}

Species nameVoucher specimen (Herbarium)[a](#aps311327-note-0008){ref-type="fn"}LocalityCountry*n*LatitudeLongitude*Tofieldia calyculata* (L.) Wahlenb.---GosauseeAustria2047.5243239°N13.5105097°E*Tofieldia calyculata*Tch1901 (PRA)WeißenbachAustria2047.6702111°N14.1282278°E*Tofieldia calyculata*---Monkova dolinaSlovakia2049.2592200°N20.2309106°E*Tofieldia calyculata*---Sosnowiec‐BoryPoland2050.2760711°N19.2722917°E*Tofieldia calyculata*---Jestřebské slatěCzech Republic2150.6028497°N14.6222692°E*Tofieldia pusilla* (Michx.) Pers.Tph1801 (PRA)DachsteinAustria247.5134189°N13.6616417°E*Tofieldia pusilla*CP1093 (WU)GlocknerhausAustria447.0612222°N12.7674444°ENote[^1][^2]

 {#aps311327-sec-0012}

LocusPrimer sequences (5′--3′)Repeat motifAllele size (bp)[b](#aps311327-note-0011){ref-type="fn"}Tof1`F: GGTTGAGAGTTGGAAGAGGGA`(AGC)~5~113`R: AGGACTGCACAATAGGACCT`Tof2`F: GGGAAGTCATTGGGCATCGT`(AATG)~6~---`R: AGAGCTCACAGGTCACAACC`Tof3`F: TTGCCCTCTTGCCTTGAACA`(AGC)~6~140`R: CTCCAAATTGGTGAGGGAGGT`Tof6`F: CGCCCACTTGCAAGGCTG`(ACC)~5~141`R: AGAATGCTTCAACAGAAACAACA`Tof8`F: TGCTTGCTGGGATTGTTGTA`(AGAT)~5~157`R: GCTTAAAGCAGGATATGAGTGGA`Tof10`F: TGCTCATGTTGTACTCCTGCA`(AGC)~5~155`R: CCGAGCGTATCCCAACAAGG`Tof12`F: CCCATGAGCCAAGGTGGAT`(ACT)~5~168`R: TGTCTTAGATGGCTCCATGCA`Tof14`F: AGTTGTCATTCGTGGGCTGG`(AAG)~5~173, 179`R: CGCCAATCGGACGTAAGAAT`Tof16`F: GGGTCAGGCTAGCTTGATGG`(ACAT)~6~192`R: TGGTCCAGGGTGACTATCAGT`Tof17`F: CGGTGCGGAGACTACCTTTC`(ATC)~6~197`R: TTGCGGAAGTGGAAGCTTT`Tof18`F: AGAGTGCACCGTGATCTTCC`(AATC)~9~191, 204`R: TGCGTCTCCATCACAAGGAA`Tof20`F: AGATAGAGCCATCGTGCCAC`(AAG)~5~---`R: AGGAGAGGGAACTTGCTGGA`Tof23`F: GGACATCTCACACCTTTGGG`(ACTC)~6~---`R: CCAAGGTTCTCAAACTGAGCAC`Tof24`F: TGAAGAGGAATTAGGCTCCAGA`(AAG)~5~---`R: TTTGTTGCGCTTCCAGTTGG`Tof25`F: TGTTTGATTCTTACCAGGCACT`(AAG)~5~217`R: GTCCCAGTGACATGACCTTACA`Tof26`F: ACCCTACTACATGCACATCACC`(AAGC)~5~221`R: ACATCAGAGGTGTGGATGGG`Tof28`F: TGTGGTTTCCTACGCCTCAG`(AGC)~5~227`R: GCGTTCATCCGAAGCGAAAG`TOf29`F: TTTAGGCGTGGTCTGTGCTC`(AGAT)~24~---`R: GTCTTGGTCAGCAGGTCTCC`Tof30`F: CCCAAACAGCCTCCAAGGAA`(ACC)~5~245`R: CTTGAAGTGGGCTGCTGAGT`Tof32`F: TCTTGAGTCGTGCAGCCTTT`(ACC)~5~243, 250`R: GCCTTGAAGGTCCCTGTCAA`Tof36`F: GACTCTCCCTACTGCATCGC`(AGC)~8~---`R: CCCAACCTACCCACCATGAC`Tof37`F: ACATGGGTTTGGTATATTCACCA`(ATC)~8~268`R: TGAAGGGTGACATAAGATGAGGA`Tof38`F: GTGAACTAGTAATGCCCATCAGG`(ACAT)~21~---`R: GCTTCAGTATTCAAGATTTCCCGT`Tof39`F: CCCTTCCGTCTCAATTTGGA`(AAG)~7~280`R: TGGAATGGACTTTACGCACCA`Tof40`F: TGTCACGTTGCCATTGCTTG`(AAG)~5~288`R: GAGCTCTGGCATATTCCGCT`Tof41`F: CCGACGACCACCTTTACTCT`(AAG)~5~294`R: GACGAAAGAGGCATAATCGCA`Tof43`F: CTCAGACTTCGTTGGGCAAC`(AAG)~5~307`R: GACTCGGAAGGGAAGTACCG`Tof44`F: TGGCAGTAGCAACAGCAACA`(AGC)~5~---`R: CCTTATGGAAGGTTGACACATAAGC`Tof47`F: ACTCGAACACTCAAATCACGGA`(AGC)~5~313`R: GCAAAGTGGGTCAGGCTAGA`Tof48`F: TCGTTGTCATGTCTCAGCAGA`(ACAT)~5~---`R: ACAATGCCCAGGTATTATCCTT`Tof49`F: GGCTTCTTCCACCTATCGGG`(ACC)~5~317`R: TATGAGCGACGTGAACCTGC`Note[^3][^4][^5]

[^1]: *n* = number of individuals.

[^2]: The leaf samples, DNA extracts, and herbarium voucher of locality Weißenbach were deposited at the Institute of Botany of the Czech Academy of Sciences (PRA), Průhonice, Czech Republic. Because *Tofieldia calyculata* is rare and protected or grows in protected areas, it was not possible to sample whole plants for herbarium vouchers in the other localities. Herbarium vouchers of *T. pusilla* are deposited at the Institute of Botany of the Czech Academy of Sciences, Průhonice (PRA) and at the University of Vienna (WU).

[^3]: --- = unsuccessful amplification or unclear pattern.

[^4]: These loci were either monomorphic, did not amplify, or presented unclear amplification.

[^5]: Amplification was performed with M13 tail primers.
